To Bead or Not To Bead? Microscope Quality Assessment Methods for Core Facilities
In a large core microscopy facility, instrument performance can decline over time, introducing optical artifacts or distortions into the data. We have selected two commercially available tools which can be used in any facility to monitor changes in optical performance. Using these tools, we have identified objective and alignment problems not visible through typical image collection. A similar approach could be of great benefit to other core microscopy facilities in quality assurance.
In any core microscopy facility, investigators are dependent on the facility's staff to maintain the instruments for the optimal optical performance. Especially in large facilities, this becomes increasingly difficult to keep track of with a multitude of different users, experiments, microscopes and lasers. Here at the Biological Imaging facility, we have chosen two simple, commonly available methods that we can use to periodically evaluate the performance of the individual instruments.
The first method tested the limits of resolution of each objective collecting a z-stack through fluorescent sub-resolution beads and calculating a Point Spread Function (PSF). Imaging at the resolution limit of the different systems, one can often reveal artifacts that might otherwise go unnoticed. Since the ideal PSF is an ovoid, elongated in the z axis, any PSF that is skewed or unsymmetrical indicates potential misalignment or damage in the optical system [5] . Also, by measuring the FWHM of the intensity profile of the PSF, the actual resolution limit of the objective can be determined. This can then be compared to the theoretical limit of resolution, as calculated from Abbe's equation.
The second approach used was the generation of an SIP (Sectioned Imaging Property) chart for each microscope system. These charts are designed to measure the accuracy and efficiency of the illumination and detection system as a whole by scanning through a layered fluorescence field, measuring field consistency, intensity, resolution, full width at half maximum and skew throughout the stack.
These charts allow the facility staff to compare overall instrument performance (independent of objective) over time, e.g. before and after service. At times, some samples can appear to be unevenly labeled.
The SIP chart can confirm whether this truly results from uneven illumination, or just a poorly labeled sample. This is more frequent when using UV excitation where compensation lenses are required. These two simple procedures of collecting PSF's and using SIP charts can effectively increase the quality assurance and confidence in any microscopy lab.
Materials and Methods
Objective specific PSFs were collected using 175nm fluorescent sub resolution beads (Molecular Probes PS-Speck Microscope Point Source Kit (P7220)). The 
Results
The results presented here we collected on three separate confocal systems, #1 equipped with multiphoton, #2 with UV, and #3 with a White Light Laser. Results of the bead PSF collections on the three systems revealed several minor system faults which were easily correctable. Bead PSFs collected using the 63x1.4 NA objective on system #2 with the 351nm laser were very asymmetrical and poorly resolved in comparison to PSFs collected with visible wavelengths ( fig. 2a ). Since this effect was present with several different objectives, but only with UV illumination, it was concluded that the fault was in the UV optical path. Alignment of the UV fiber increased power and therefore improved the S/N ratio in this channel. Further adjustment of the UV compensation optics greatly improved the bead image ( fig. 2b) .
On system #1 we observed a slight asymmetry in the xy view of the bead images ( fig. 3) . To trace the source of this asymmetry, we compared PSFs from different objectives, PSFs using different visible laser sources, and PSFs generated by multiphoton excitation with both internal and external detection as well. The asymmetry was present in all cases ( fig. 3a, 3b ), but not with multi-photon imaging using external detection. Therefore, the asymmetry had to be introduced in the internal detection pathway (fig 3c) . The confocal service engineer found that the pinhole was slightly misaligned, and when repaired, the asymmetry in the PSF was also removed.
On confocal system #3, we noticed a similar skew, but it appeared only when we used one particular objective ( fig. 4a ). Substituting this objective with an identical one from another microscope resolved the problem (fig. 4b ). After very careful analysis a small scratch on the front lens of the objective was found, most likely caused by a collision with a motorized stage. This objective was returned to the manufacturer for repair.
Multi-photon imaging produced a much smaller and more precise PSF, on all systems that were tested. Furthermore, longer wavelength excitation of the beads (up to 633 nm) yielded smaller PSFs in all cases.
The SIP charts provided different types of data, especially in the areas of intensity, field illumination and of resolution across the xz plane in the field of view ( fig. 5 ).
This data was not objective specific, but rather consistent across all objectives on a single system. We assumed that our newest microscope (system #3) would be the most evenly illuminated, and this was confirmed in the data. Other microscopes in the facility were similar, but varied in z axis skew. Although system #1 has been in use for nearly 10 years, the SIP charts revealed that it is still operating well within specifications. Although having slightly less overlapping curves than the microscopes, system #1 had consistently high intensities and very low skew.
Use of the SIP charts confirmed that all of the microscopes were operating as designed. Evenness of field illumination is often most noticeable when using lower power objectives. However, it is still important to verify this even at higher powers to ensure the validity of quantitative data. Resolution differences across the field of view are seldom checked, but are extremely important in studies of collocalization [3, 4] , for example. Aberrations in Z axis intensities could point to a problem in stage flatness or in the operation of a high speed z stage.
Conclusions
Microscopy still yields qualitative data to many users. However, as more studies such as FRET and FRAP require quantification, it becomes more important to test systems frequently to insure uniform performance. To maintain instruments at the manufacturer's specifications, facilities must test each one periodically and maintain records of this performance. This is not only of direct benefit to users of the facilities , but also to the field service engineers as well in determining if repairs have been made accurately. At a time when many investigators are pursuing ultra-resolution microscopy, we should all be sure that our current instruments are even close to reaching Abbe's limit.
